Abstract Household flood management measures can significantly reduce the risk from flooding. Understanding the factors that influence the uptake of measures has important implications for the design of measures to induce people to take charge of risk mitigation. We investigate the impact of flood action groups in communities in Scotland on the uptake of four measures: insurance, flood warnings, sandbags and floodgates applying regression analysis using a cross-sectional survey (n = 124). The groups were formed in response to the threat from flooding in those communities, and offer information and training on household flood management measures. We use the theoretical framework of Protection Motivation Theory, and compare uptake of the measures before and after the foundation of the flood action groups, as well as in the near future. The models show positive adoption effects for flood warnings, floodgates and to an extent for insurance, and a positive correlation with increased confidence of implementing and belief in the effectiveness of the measures. The effect is significant if specific information on the measures was provided, indicating the importance of Climatic Change (2016) 
Introduction
In Europe, storms and flooding are the most costly weather-related disasters, accounting for 77 % (€282bn in 2005 value) of economic losses due to extreme weather events between 1980 (CEA 2007 . Beyond the economic losses, the recovery stage for flood victims often has important repercussions on family, health and work situations. Climate change may increase the frequency of high impact events locally in the future (IPCC 2012) and this may be exacerbated by development of housing in flood-prone areas (Bouwer et al. 2010) as well as impermeable surfaces such as streets and parking lots that increase runoff (Brattebo and Booth 2003) . Taking the described factors together, implementing adaptation measures against flooding should be considered in vulnerable areas. This may require public flood protection -for example through integrated flood management strategies on a national and international level (European Union 2007, Scottish Government 2009) -but also adaptation measures implemented by households and firms where flood risk cannot be eliminated due to budget limitations. Private flood protection measures can reduce flood damage significantly (ICPR 2002 , Kreibich et al. 2005 , depending on the local conditions and the flood severity ).
Yet practical experience suggests that households do not necessarily implement adaptation measures in order to increase their resilience to flooding (Kunreuther 1996 , Peek and Mileti 2002 , Bichard and Kazmierczak 2012 . Research addressing household decision-making on flood prevention provides limited insights into the communication of flood risk (Dawson et al. 2011 , Meyer et al. 2012 , Kellens et al. 2013 . There are an increasing number of studies highlighting the role of psychological factors in private adaptation to flooding in addition to risk perception and socio-economic variables. One approach, known as Protection Motivation Theory (PMT), attempts to reflect the main cognitive processes leading to the motivation to take protective action.
PMT suggests that individuals' decisions to take action is influenced not only by their evaluation of the physical risk, but also by their beliefs regarding the cost and effectiveness of the measure, as well as their confidence in implementing it. Several studies have found PMT a suitable framework for exploring flood adaptation behaviour (Grothmann and Reusswig 2006 , Zaalberg et al. 2009 , Bubeck et al. 2012b , Bubeck et al. 2013 , Le Dang et al. 2014 .
This study uses insights from PMT to explore the factors influencing the uptake of a range of household flood adaptation measures among 124 private households in Scotland. We add to the existing research by investigating the effect of flood action groups on uptake. These autonomous groups were founded in 2012 in small communities across Scotland with the aim of finding local solutions to flood risk, and provide information and training on a number of flood-related issues. The flood action groups are self-relying and run by community members. We specifically explore whether the groups have a direct impact on uptake and on people's perceptions of the effectiveness of measures and their confidence in implementing them -which according to PMT play an important role in determining flood adaptation behaviour. Thus, if the existence of flood action groups is shown to influence adaptation behaviour, this may indicate an effective, low-cost and relatively simple way to promote private flood adaptation.
The remainder of the article is structured as follows. Section 2 reviews the theoretical framework and relevant literature. Section 3 describes the data and the statistical model. The results are presented in Section 4 followed by a discussion of the practical implications for encouraging households to implement private flood management measures.
Protection motivation theory and literature review
PMT (Rogers 1975 , Rogers 1983 ) was originally developed for protective behaviour to health threats and has been successfully extended to other threats including natural hazards such as flooding.
The model distinguishes two cognitive steps to describe the decision process when individuals evaluate a threat and possible coping measures: 'threat appraisal' and 'coping appraisal'. The former includes perceived risk and fear and describes how threatened the individual feels by a specific danger. Coping appraisal focuses on possible responses to address the risk and can be divided into three components. (Rogers and Prentice-Dunn 1997) . First, 'response-efficacy' expresses how effectively the individual perceives the measure to reduce risk. 'Self-efficacy' describes whether the individual feels capable and confident to carry out the measure. Finally, 'response cost' refers to both the financial as well as the emotional cost of implementing the measure. Taken together, coping appraisal and threat appraisal influence the protection motivation of an individual, which is considered as the variable to induce, sustain and direct the activity of the individual to protect themselves (Maddux and Rogers 1983) . The responses can be both protective and non-protective.
Protective responses are those that reduce the threat and will be enacted if high risk perceptions coincide with a strong coping appraisal. The answers respondents give may be non-protective if high risk perceptions go together with low coping appraisals (Rippetoe and Rogers 1987) . Non-protective answers include wishful thinking, avoidance and denial.
Several empirical studies support the applicability of PMT to flooding: Grothmann and Reusswig (2006) applied PMT to flood adaptation behaviour of private households in Germany showing a good fit in contrast to socio-economic variables. Bubeck et al. (2013) showed that coping appraisal is an important variable in terms of precautionary behaviour among flood-prone households along the river Rhine. In particular, response efficacy and selfefficacy contribute to the models of flood-adaptation behaviour. Similar results were found in other studies (Botzen et al. 2009 , Terpstra et al. 2009 , Botzen and van den Bergh 2012 confirming the importance of the coping appraisal for adaptation intentions. Zaalberg et al. (2009) carried out a comparative study between flood victims and non-victims in the Netherlands, showing that exposure positively affects protective motivation for future flooding. In addition to the PMT variables, a number of other factors may influence uptake. These include flood experience (Grothmann and Patt 2005 , Kreibich et al. 2005 , Siegrist and Gutscher 2006 as well as social networks such as neighbours or friends having implemented measures (Bubeck et al. 2013) , or public provision of flood risk adaptation measures inducing moral hazard (Le Dang et al. 2014) .
A number of studies conclude that communication for flooding and adaptation should focus on explaining the potential measures as well as on information on how to implement them (Bubeck et al. 2013 , Maidl and Buchecker 2014 , Clayton et al. 2015 . While several studies have found that increased knowledge and information correlate positively with precautionary behaviour (Thieken et al. 2006 , Miceli et al. 2008 , numerous studies found no evidence of a direct effect of information sources and flood adaptation behaviour when risk perception was controlled for (Zaleskiewicz et al. 2002 , Grothmann and Reusswig 2006 , Botzen et al. 2009 ).
Behavioural decision research suggests that people may take action if they feel empowered to take charge rather than being treated as helpless citizens (Bush and Folger 1994, Page and Czuba 1999) . Detailed, precise and personally relevant information might lead to more effective adaptation to flood risk (Klein 1998 ) such as proposing concrete easily implemented action which can alleviate the problem (Moser 2010).
Tentative evidence has been found for earthquake preparedness through targeted information campaigns (Lindell and Perry 2000) . Further, communication research recognises that messenger choice is critical in the communications process (Moser 2010) and people are more likely to accept suggestions conveyed by people with similar views (Malka et al. 2009 ) such as peers as suggested by social learning theory (Bandura 1977) .
We hypothesise that the activity of flood action groups works precisely through the mechanisms described above and can thus impact the motivation for implementing adaptation measures. The flood action groups provide information on a number of flood-related issues, including information and training on the use of flood adaptation measures, but also work as interest groups to lobby for flood protection schemes on the council level. They turn flooding into a locally relevant issue creating responsibility and ownership. In addition, flood action groups are locally grounded and people may thus be more likely to trust the recommended actions. Group members may influence neighbours and friends in the community who have been shown to be influential in PMT studies (Bubeck et al. 2013) .
The hypothesised mechanisms within the PMT framework are presented in Fig. 1 . The flood action groups may both affect the protection motivation directly but there may also be a mediating effect. The groups could positively impact self-and response-efficacy which in turn impact positively protection motivation.
The response variables within our analyses are household flood management measures. They include traditional measures, such as insurance and sandbags, but also more innovative and modern measures such as flood warnings and floodgates that have been specifically promoted or discussed by flood action groups. Flood insurance reduces the financial consequences of a flood once it occurs and is identified in other studies as an adaptation measure Reusswig 2006, Bubeck et al. 2012b) . Sandbags can slow down the penetration of water through buildings by acting as a barrier. Floodgates for households are installed in the case of flooding to hold back floodwater and generally provide very effective protection from flooding (SFF 2014). Flood warnings allow residents time to move valuable items to higher floors and to secure their properties with further measures.
In total 30 explanatory variables were gathered from the respondents based on the framework in Fig. 1 , including their threat and coping appraisal, non-protective and protective responses, as well as socio-economic characteristics. Questions regarding financial aid by public authorities were included, which may provide a negative incentive to implement measures. Further, individuals may be influenced by neighbours and friends' adoption of measures (Ajzen 1991) . Severity of experience of flooding in the near and distant past was also included as this has been observed to have positive effects on self-protective behaviour of natural hazards (Bubeck et al. 2012a ). Finally, flood action group variables were included. Specifically, whether the respondents were aware of a flood action group in their community ('flood action group'), whether they were directly involved with the group ('involvement') as well as whether specific information was provided by the groups and whether the information was useful (see Table 1 for the different types of information and table A1 in the electronic supplementary material for a complete list of explanatory variables).
Materials and methods
Cross-sectional data from 124 private households across Scotland that have either experienced flooding or are at risk of flooding was gathered through a questionnaire-based survey and analysed with ordinal regression.
The questionnaire is based on the frameworks of Grothmann and Patt (2005) and Bubeck et al. (2013) . It was refined with a pilot study of 18 flood risk households, and based on discussions with local flood groups and the Scottish Flood Forum (SFF) (an NGO that deals both with flood prevention and post-flood assistance). The results from the pilot study were used to further develop the questionnaire structure. The survey was distributed online and in paper format to 600 residents in 34 communities across Scotland where flooding has occurred in the past and thus flood action groups were formed since 2012. The survey was also distributed at a flood exhibition in Scotland to include respondents from communities without a flood action group and yielded a response rate of just over 20 %. Table 1 shows a range of sample characteristics. All participants had experienced some flooding in the past and about 75 % classified their flood experience as very severe. 85 % of respondents have already implemented some form of flooding adaptation measure and 49 % of participants confirmed they were actively involved in the community flood action groups. In the communities surveyed, the flood action groups provide information on the flood risk strategy of the local council (44 %), flood warnings (66 %), information on private flood management measures (56 %) and, finally, information on how to use certain flood management measures (44 %). The sample characteristics are not perfectly representative of the Scottish population. For example, average age in the study are higher than in the overall population. The percentage of people over 65 is above the Scottish average (39 % in the sample versus 17 % in the Scottish population (National Statistics 2014). However, over-representation of some population subgroups does not appear to affect estimates of means and proportions and is unlikely to affect correlation and regression analyses (Huang et al. 2012, Terpstra and Lindell 2013) .
Statistical model
The response variables were measured on a five-point Likert-scale and we thus estimate the effect of the potential determining factors on the different adaptation measures by using an ordered-logit model (Christensen 2015) . We provide a polychloric correlation matrix in the electronic supplementary material (table A3) for all dependent and independent variables which shows that the correlation between predictor variables included in the models is moderate (around 0.4). As the dataset is small and about 11 % of the data per variable are missing due to non-responses, we used multiple imputation to compute the missing values stochastically in a way that accounts for uncertainty using the MICE package in R (Honaker et al. 2015) in order to improve the efficiency of estimation. We obtained five imputed datasets for our model selection. Despite the imputation, the observations to response variables ratio remains low, so backward selection is infeasible. For each of the response variables we therefore proceeded as follows: we entered each explanatory variable one at a time into an ordinal regression to determine which of the explanatory variables are significant at the 5 % level. We created the model that contains all of these variables, and then performed backwards selection on this model using the Wald-test eliminating the least significant variables at each step, until all of the variables that remain within the model are significant at the 5 % level.
The estimated regression coefficients are on the scale of the cumulative log odds; we present the exponential of these coefficients, which correspond to the cumulative odds, because these have a natural interpretation. For instance, we compare people who use flood warnings to an average extent (3 on the Likert scale) or less with people who use flood warnings more.
Analytic methods
We ran three regressions per measure: 1. implementation of the household flood adaptation measures prior to the foundation of the flood action groups as the response variable, 2. implementation after the foundation of the flood action groups, 3. motivation for future implementation of measures. The latter two regressions included variables testing for the influence of the flood action groups to compare communities with and without flood action groups. For communities where flood action groups are in place, we tested for the influence of specific information provided by the groups.
We also ran a mediation analysis based on the standard approach of Baron and Kenny (1986) to explore whether the flood action groups variables (X) may be correlated with either of the two components of the coping appraisal (Y) which in turn may be correlated with the uptake of the different measures (Z). To test for partial and complete mediation, we verify whether there are significant relationships in regression equations between X and Y (with Y being the outcome) and X and Z (with Z being the outcome). Then, we tested whether Y is related to Z while X is held constant. Additionally, we tested whether adding X in the regression equation of Z on Y statistically significantly improves the model by using Wald tests to show partial mediation. If we find no added significance, this suggests complete mediation, i.e. the mediator 'absorbs' the effect of the flood action variables. We also tested for mediation of flood experience through threat and coping appraisal as hypothesised in Fig. 1 . We provide McKelvey Zavoina R 2 as goodness-of-fit measure. The cross-sectional nature of data implies that the relationships should be interpreted as correlation rather than causation.
Results and discussion
Section 4.1 interprets the regression models for the four types of flood adaptation measures as well as the variables influencing response-efficacy and self-efficacy. Section 4.2 provides a short discussion. Table 2 presents the results of the regression equations. Across the four measures, more explanatory variables fitted to data from respondents were identified for the more recent uptake of flood risk management measures as well as for intentions in the near future. This makes sense for two reasons. First, people may not remember the exact extent of their use of, for instance, sandbags prior to 2012, and it may have varied over the time period. Second, the dataset is cross-sectional apart from the response variables. The respondents' perception may have changed over time but also their socio-economic status, so we find a better fit regarding their current opinions/status, which is reflected in current uptake and intentions for future uptake in the present.
Results

Coping appraisal
Self-efficacy is significant within at least one of the analyses for each measure. Response efficacy is significant for the use of insurance (D3 and D5) and flood warnings (A5). This confirms findings of other studies (Grothmann and Patt 2005 , Zaalberg et al. 2009 , Bubeck et al. 2013 showing that the belief in the effectiveness of a measure and the level of confidence to implement the measure play a central role in the uptake of household flood management measures. The third variable of coping appraisal, response cost appears to be mostly non-significant. An exception is the cost for flood warnings with a negative coefficient for intended uptake (A5) indicating a lower use with higher cost. This is a surprising result for a low cost measure such as flood warnings. It might reflect the cost of accessing flood warnings, mostly provided through text messages or the internet, which could be more challenging for the predominantly older respondents of the survey. Receiving financial support is not significant in the regressions. The lack of significance of response cost and financial support highlight that cost is mostly not decisive when it comes to encouraging the uptake of less expensive adaptation measures confirming the findings of Terpstra and Lindell (2013) and Lindell et al. (2009) . While it is surprising that cost does not have a negative effect on insurance, conversations with the flood action groups indicated that all households are keen to obtain flood insurance (if provided by the insurance company) despite the high cost.
Threat appraisal
Risk perception, a component of threat appraisal, is significant for a number of the analyses. Some studies have found a minor contribution of risk perception (Bubeck et al. 2013 , Koerth et al. 2013 ) while others observe a strong link between increased risk perception and increased uptake of measures (Miceli et al. 2008 , Bichard and Kazmierczak 2012 , Osberghaus 2015 . Due to the different formulation of risk it is challenging to compare the results across studies. We find significance for risk in particular for floodgates (C3-C5) and sandbags (B2-B5). This high and significant risk perception for these two measures may be related to the fact that they represent physical actions to avoid homes being flooded; where respondents' decisions to implement these emergency measures reveal their perception that the risk is real and high. The results indicate that high risk perception may lead to increased flood preparedness but appears to depend on the measure. We do not find significance for fear as the second component of threat appraisal. 
Social environment, previous flood experience, socio-economic variables, non-protective answers
We note the significance of neighbours in the use of insurance (D1), flood warnings (A2), floodgates (C2 and C4), as in other studies confirming the importance of the influence of peer behaviour (Bubeck et al. 2012a , Bubeck et al. 2013 . For the use of floodgates post-2012 (C2), we find significance for the variable 'implementation with neighbour'. This likely reflects that non-or semi-detached houses require joint measures such as floodgates to protect the homes. Therefore, a respondent who has implemented a measure together with their neighbour is more likely to have set up a more sizeable floodgate. Flood experience has only been found to be significant for the post-2012 insurance regression (D4) with a negative coefficient. The negative coefficients of flood experience is counter-intuitive, but other studies have found similar results (Kreibich et al. 2011b , Bubeck et al. 2013 ) and have been linked to higher insurance premiums due to an increased of risk to flooding. The lack of significance of flood experience for other variables may be explained by a complete mediation of experience on uptake through threat and coping appraisal (Bubeck et al. 2013) . Indeed, in our mediation analysis, we find mediation effects for flood experience variables for floodgates (analyses E1 and E1 in Table 3 ) through both threat and coping appraisal and for sandbags for the former (analysis F1). For a complete list of the mediation results see table A4 in the electronic supplementary material.
In line with other studies (Grothmann and Reusswig 2006 , Zaalberg et al. 2009 , Bubeck et al. 2013 , Osberghaus 2015 , socio-economic variables explain relatively little of the data. Here, we only find that ownership positively influences the uptake of insurance (D2-D5) which is not surprising given the owners financial responsibility. Finally, we found no significance for non-protective responses once controlling for other variables.
Flood action groups
We find a positive relationship where flood action group variables contribute significantly to the explanation of the data (A5, C4, C5, D5), indicating that such groups may positively influence the uptake of household flood management measures. We find significant links for variables which represent specific information provided by the flood action groups and uptake of measures.
We can speculate about the direction of the effect for insurance due to the cross-sectional data: the variable 'having obtained information on available measures' is significant for the intended uptake of insurance for communities with a flood group present. This may reflect that people who are at risk of flooding and have an expensive insurance premium, or even struggle to obtain insurance, are more likely to obtain further information through the flood action groups. This was confirmed by talking to the flood action groups. The members aim to find other solutions to flood risk beyond insurance and indeed we find significant correlations between insurance and the other measures of between 0.3 and 0.7. These findings have been confirmed by other studies (Hudson et al. 2015 , Lindell and Hwang 2008 ). However, there may also be an exchange in the groups regarding the most appropriate insurance cover, which was also confirmed by the groups themselves, which may result in a more comprehensive cover for members.
For floodgates, we find a positive effect of factor 3.6 for post-2012 uptake if respondents received information on how to implement specific measures. The flood action group members confirmed in personal conversation that the setting up of floodgates was discussed and demonstrated as part of the flood action group activities. For flood warnings, we find an increased likelihood of intended uptake of factor 3.5 if information on flood warnings was provided by the flood action group. Similarly, if respondents have received information about the flood risk strategy of their council, they have a higher likelihood of using flood warnings in the future. We can speculate whether this is due to local authorities recommending the use of flood warnings or the insight of the respondents that structural flood risk schemes may take considerable time to materialise. We find no link for sandbags. This may reflect that sandbags are long-standing household flood adaptation measures and the flood action groups cannot increase uptake. Indeed, about 60 % of respondents already used sandbags in both samples before 2012.
We find significant mediating effects of self-efficacy and response efficacy with respect to floodgates and flood warnings (analyses E1 and G1 in Table 3 ). For the uptake in the nearby future of floodgates, both partial and complete mediation are present if the obtained information from the group is perceived as 'useful', when 'information on available measures' has been provided. The number of significant mediating relationships is more extensive for flood warnings and applies to both post-2012 and intended uptake of flood warnings. The same variables as for floodgates are significant but in addition also whether 'information on flood warnings' have been provided and 'information on how to implement measures'.
There is also complete mediating effect of, 'existing schemes' for the use of flood warnings for the whole sample for post-2012 and intended uptake. Existing schemes refer to assistance (including that from flood action groups but also from the local council) with household flood management measures. While we cannot pin down the exact mechanism of 'existing schemes' on response and self-efficacy, we can deduce that specific help and information for flood risk at the household level appear to have a positive effect.
Discussion
The fitted models indicated a positive effect on uptake for insurance, floodgates and for flood warnings for flood action variables. It appears that having a flood action group in the community, or being involved in one, does not necessarily lead to an increased uptake of measures as the variable 'flood action group' and 'involvement' did not prove significant. It is rather when the groups provide tailored information such as on flood warnings or how to implement measures that significant correlations were observed.
We also find partial and complete mediating effects through the correlation of the flood action groups variables with increased self-efficacy and response-efficacy which are in turn associated with uptake. We detect significant correlations for floodgates and flood warnings which were promoted among the groups, if specific information had been provided which is also subsumed in the significance of the variable whether the obtained information is perceived as 'useful'. Thus, tailored information appear to positively impact the confidence in implementing these measures as well as the belief in their effectiveness. These coping appraisal variables are key for protection motivation as observed in our regressions and in other studies using PMT as theoretical framework.
The UK government encourages autonomous adaptation to climate change, with flooding being one of the major expected climate change impacts in the UK (Defra 2013) . If the flood action groups can be 'kickstarted' with the help and direction of the council and the SFF their subsequent running will be ensured by the community itself, relying on active and engaged community members. The support of groups in the study by their local councils was limited to providing sandbags. While we do not have estimates of the costs of running flood action groups, we know that household flood management measures often exhibit high benefit-cost ratios (Holub and Fuchs 2008, Kreibich et al. 2011a) , and would therefore expect its cost to be below that of a structural measure for the same benefit. Indeed, flood protection on the household level and supported by the community may prove to be the only viable solution for many small communities where larger structural flood defence measures will not pass a cost-benefit test due to a too small population.
A number of caveats need to be considered. First, the sample (n = 124) is very small, which sets a limit to the complexity of the model and the robustness of the inference. This highlights the importance of conducting research on a larger scale to confirm the results of the study. Second, a more comprehensive measure of risk perception would have been feasible and delivered different results. This includes, amongst others, dread and unknown risk (Fischhoff et al. 1978) , and combining these with well known disaster risks (Trumbo et al. 2016 ) or people's expectations of the personal impacts caused by a disaster (Huang et al. 2012 , Mileti and Peek 2000 , Mileti and Sorensen 1987 . Third, the changes in uptake of certain measures may also partly be due to external reasons not captured in the study, such as easier access to flood warnings or the challenge of obtaining flood insurance for certain high risk properties.
Conclusion
This study examined the factors influencing the uptake of four household flood adaptation measures in small communities around Scotland using a cross-sectional survey (n = 124) within an extended framework of PMT. The main focus was on testing whether local flood action groups, in which residents promote the deployment of flood management measures, have a positive effect on uptake. The fitted models indicated a positive effect for the use of insurance and of floodgates, if information on measures and implementation were provided; for flood warnings we detected a link if specific information on flood warnings were provided. Additionally, we found a mediating effect for flood warnings and floodgates: some flood action group variables appear to positively impact the coping appraisal variables which are key for protection motivation. We conclude that flood action groups may increase the uptake of precautionary measures in particular by providing specific information. Given limited resources of local authorities, the promotion of well-designed flood action groups might provide a cost-effective way of increasing household resilience to flooding in Scotland and elsewhere.
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